English vowels may be difficult to discriminate for many learners of English (L2 learners). Research in L2 speech perception has shown that the use of visual cues improves speech perception, at least for visually-salient contrasts. This study investigated the use of visual cues in the perception of English vowels by L2 Advanced learners (Spanish native speakers) and English native speakers (ENS). 37 L2 learners and 20 ENS were given a vowel test that presented real CVC words in audio (A), audiovisual (AV) and video-alone (V) mode. The A and AV conditions were presented in noise (-10 dB SNR) to ENS and in quiet to L2 learners. For ENS, identification rates were significantly higher in AV than in A condition, suggesting there were visual cues to vowel identity. For L2 learners, A scores were significantly lower than for ENS, and AV scores did not differ significantly from results in A mode. This suggests low sensitivity to visual cues to vowel identification, though L2 learners achieved better than chance scores when forced to attend to visual information in the V mode. These results support previous findings of relatively poor sensitivity to visual cues to phoneme identity in L2 learners.
INTRODUCTION
Research in second language (L2) speech perception has shown that English vowels may be difficult to discriminate for L2 learners. Different factors have been suggested to explain L2 perceptual difficulties: the mapping of L2 sounds to the L1 categories (Best, 1995; Best & Tyler, 2007; Flege, 1995; 2002) , the influence of the different size of the native language (L1) and L2 phoneme inventories Evans, 2007, 2009) , the possible interference of L1 categories in learning novel L2 contrasts in adults (Kuhl, 2000; Iverson, Kuhl, AkahaneYamada, & Diesch, 2003) and the possible difficulty that L2 learners have in dealing with the natural variability in speech (Hardison, 2003; Lively, Logan, & Pisoni, 1993; Van Dommelen & Hazan, 2012) . Additional lack of experience with the interpretation of the cues, auditory and visual, and different degrees of knowledge of the language may contribute to less efficient L2 speech perception. L2 speech models like the Perceptual Assimilation Model (Best, 1995) and the Speech Learning Model (Flege, 1995) have hypothesized about L2 speech perception on the bases of auditory input only. To our knowledge, no L2 speech model has included the contribution of visual information in speech, although the integration of visual cues as part of speech perception in L1 has been widely established. In addition, as well as having similar acoustic features, L1 and L2 sounds may share visual gestures in their articulations. Despite the lack of a model integrating auditory and visual information in L2, a number of L2 speech perception studies have found that visual information contributes to improve L2 speech in populations with different language backgrounds (Hardison, 1996; Massaro, Cohen, Gesi, Heredia, & Tsuzaki, 1993; Massaro, Cohen, & Smeele, 1995; Sekiyama, 1997) .
Studies on L2 speech perception have suggested that visual cues may contribute to improved speech perception for non-native contrasts if they are sufficiently salient (Hardison, 1999; Hazan, Sennema, Faulkner, Ortega-Llebaria, Iba, et al., 2006) . However, the degree of use of visual cues seems to vary depending on the learner's native language (L1) background (Bovo, Ciorba, Prosser, & Martini, 2009; Sekiyama & Tohkura, 1993; Sekiyama, 1997; Wang, Behne, & Jiang, 2009 ) and the amount of experience with the L2 (Wang, Behne, & Jiang, 2008) . L1 background and experience with the non-native language may not be the only factors influencing the perception of non-native contrasts; Chen & Hazan (2009) found that individual listener and speaker strategies may have a strong influence in the use of visual cues in L2 speech perception as well.
Most studies exploring the use of visual cues in L2 speech perception have focused on consonants and have used non-words rather than real words (Alm, Behne, Wang, & Eg, 2009; Hardison, 1999; Hazan et al., 2006; Schwartz, Berthommier, & Savariaux, 2004) . Given that the articulation of vowels is in general less visually available than that of consonants, it remains to be seen whether there are visual cues available to English vowels for English native speakers (ENS) and whether L2 learners can make use of them. Another issue to consider is the difference in vowel size inventory of English and Chilean-Spanish, the L2 learners' native language in the current study. Spanish has five vowels (/a/,/e/,/i/,/o/,/u/) and makes no use of duration contrastively whereas, in this study, participants were tested on 11 Southern British English monophthongs. From the point of view of the interpretation of visual cues, a possible source of confusion for L2 learners may be the English tense-lax distinction given that a tense-lax pair may be perceived as two allophones of the same Spanish vowel with slightly similar acoustic and/or visual gestures. For example, English /i:/ and /ɪ/ may be labeled as Spanish /i/.
The aim of this study was to investigate a) whether there are visual cues available for English vowels for English native speakers and b) how sensitive L2 learners are to visual cues for English vowels.
METHOD

Participants
L2 Group: 37 learners of English at university level (age range: 22-25 years) were tested in Concepcion, Chile. They were students of a teacher training programme in their fourth or fifth year with Chilean-Spanish as their native language (L1). Their level of proficiency was advanced. Participants reported no hearing impairment and took part as volunteers in this study.
English native speakers: 20 English native speakers (ENS) were tested in London. Participants were university students at UCL with a Standard Southern British English (SSBE) accent (age range: 19-27 years). They reported no hearing impairment and received a small payment for their participation.
Materials
Vowel test: A word list containing 11 English monophthongs (/ɑ:/, /ae/, /ʌ/, /i:/, /ɪ/, /e/, /ɜ:/, /ɔ:/, /ɒ/, /u:/, /ʊ/) embedded in real English words (bVt, hVd context) was video-recorded by four SSBE speakers (2 males, 2 females), with three repetitions per word recorded in each context. Non-words were excluded from the list. Another list of 11 real words using the 11 English monophthongs was filmed using a male speaker (three repetitions per word). This second list was the practice list. Video recordings were made in a sound-treated studio using a Canon XL-1DV video camera, with the speaker's full face set against a blue background and lit by a professional spotlight from each side on a diagonal angle to avoid shading. In order to obtain a high-quality audio recording, a Bruel & Kjaer 2231 microphone was connected to a DAT recorder and recordings were made at a sampling rate of 48 kHz when filming the video clips. The video material was digitally transferred to a PC and time-aligned with the DAT audio recording; thus, the original audio on the video was replaced by the audio on the DAT tape. Each individual video clip was edited so as to have a start and end point with a neutral facial expression. 21 tokens (1 hVd, 1 bVt per vowel) from each speaker (2 males, 2 females) for the test material and 11 tokens for the practice material (1 male) were selected. A token for /ʊ/ in bVt-context was excluded as no real word could be found.
Procedure
The Vowel test was presented to participants individually using a laptop and headphones using CSLU toolkit software. The tokens were presented in three conditions: audio (A), audiovisual (AV) and video-only (V). Two presentation orders (A-AV-V, AV-A-V) were counterbalanced across participants. The test was presented to L2 learners in quiet. For ENS listeners, white noise at -10 dB was added to the A and AV stimuli to avoid ceiling effects. The SNR level was set following pilot tests, with the aim of obtaining similar levels of vowel identification as the L2 learners. The test took around 30 minutes to complete.
The tokens used in this test were grouped into three separate sets, each including three or four vowels in /bVt/ and /hVd/ context. The selection of vowels for each set was based on English vowel confusions reported in previous studies for native Spanish-speakers learning English (Garcia-Lecumberri & Cenoz, 1997; Ortega-llebaria, Faulkner, & Hazan, 2001; Iverson & Evans, 2007) . The 11 English vowels were clustered in Set 1{/ae/, /ʌ/, /ɑ:/}, Set 2{/ɪ/, /i:/, /e/, /ɜ:/} and Set 3 {/ɒ/, /ɔ:/, /ʊ/, /u:/}. The test started with a practice phase, with "example-words" used for each group of vowels: set1{cat, cup, card}, set2{sit, pet, feel, word} and set3 {pot, caught, full, food}. These words were used in the Vowel Test as "response buttons" which were used after hearing or watching a video of a speaker saying the /b-V-t/ and /h-V-d/ words (e.g. bat, had, beet, heed, bit, hid).
In the instructions, participants were told they were going to watch/listen to a male speaker saying English words containing an English vowel as an "example-word". After that, they would watch/hear different words using the English vowels said by other four people (2 male, 2 female) and they had to click on the word containing the vowel they had just heard/watched, using the "response buttons" on the screen. No feedback was provided.
RESULTS
FIGURE 1
Boxplots for the overall d' means for the audio (A), audio-visual (AV) and video (V) modes for the L2 learner and English native speaker (ENS) groups. All the mean differences per condition were significant between groups. Overall percent correct scores were transformed into dprime (d') scores per vowel to obtain an unbiased score for each vowel within the group of vowels in which it was presented. After that, a repeated-measures ANOVA was run on the dprime scores with vowel (11) and mode (A, AV,V) as within-subject effects and group as a betweensubject factor. All F values are presented in TABLE 1. The group effect was significant: vowel identification was significantly higher for the ENS group than the L2 group (ENS, M: 2.79, SD: .34; L2group, M: 1.68 SD: .53;). There was a significant mode effect and mode by group interaction. The interaction was explored with individual repeated-measures ANOVA per group. For the ENS group, there were significantly higher scores in AV than in the A and V modes; for the L2 group, there was no difference between A and AV although both were higher than V (TABLE 2, FIGURE 1 ). This suggests a visual benefit for English native speakers in their perception of English vowels presented in AV mode in noise, but no such benefit for the L2 listeners even though their performance in A was lower than ENS, so visual cues could have helped them to improve their perception. The vowel effect was also significant; overall d' scores ranged from .80 (/ʊ/) to 3.81(/ɜ:/). There was a significant vowel*group interaction which was modified by a vowel*mode*group interaction. The three-way interaction was explored with individual one-way ANOVAs per vowel with mode (A, AV, V) as dependent variable and group as between-subject factor. This analysis showed that though ENS had overall higher scores than the L2 group, for some vowels in some conditions there was no significant difference across groups (TABLE 3) . For example, the L2 group obtained similar scores to the ENS for /ɑ:/ in A mode, for /e/, /ʊ/ in A and AV modes, for /ɜ:/ in AV mode and for /ɪ/and /ɒ/ in V mode. The scores for /e/ and /ɜ:/ were the highest for the L2 group and also among the highest for ENS while the /ʊ/ vowel was the most difficult for both groups. To explore whether there were vowels which were visually salient for ENS and the L2 group, the visual advantage was explored with separate one-way ANOVAs per group on the mean d' for A and AV mode for the 11 vowels in the test. The results showed that there were eight vowels (/ɑ:/, /ae/, /ʌ/, /ɪ/, /e/, /ɜ:/, /u:/, /ʊ/) for which ENS obtained significantly higher scores in AV mode than in A mode, suggesting that these vowels are visually salient in the sets they were presented. TABLE 3 shows significant mean differences between the A and AV condition for ENS in square brackets. There was no visual advantage for any vowel for L2 learners. The vowels that had higher scores for L2 learners were /e/ and /ɜ:/ in A and AV mode, the first one may be due to by its similarity to the L1 category /e/ . The most difficult to perceive were /ʊ/, also the lowest for ENS, and /ae/ and /ʌ/ which may be assimilated to only one category in Spanish (/a/). L2 learners were able to attend to visual cues when they only had video input (no sound) in the V mode. This capacity to attend to visual information when "forced to" in V mode reveals, in general terms, a similar pattern as for the ENS, although the L2 learners obtained lower scores (see FIGURE 2). This suggests that L2 learners could eventually identify some of the visual gestures for English vowel perception but fail to integrate this information in the AV mode.
FIGURE 2
Overall means per vowel in V mode for the L2 group and the English native-speakers (ENS). The overall pattern looks similar for both groups.
DISCUSSION
The aim of this study was to investigate a) whether there was visual information available for the perception of English vowels for ENS and b) how sensitive L2 learners were to visual cues in the perception of English vowels. First, the results of this study showed that the addition of visual information improved the perception of most vowels for ENS in AV mode (in noise). This visual advantage found for ENS suggests that there were visual cues available for most of the English vowels, when presented in these sets, which could help L2 learners to improve L2 vowel perception. Unlike native-speakers, the L2 learners were not able to benefit from the visual cues available in AV mode, as their results revealed no significant advantage of AV over A mode. Although L2 learners were able to attend to visual information when forced to in the V mode at least for some vowels (Fig. 2) , they failed to integrate the visual information to the audio input in the AV mode.
The informational value of visual cues has been suggested as a factor influencing the use of visual cues in L2 learners. When the categories do not exist in the learner's L1, visual cues could aid L2 speech perception (Hardison, 1996) . In the current study, eight vowels were found to be more visually salient in AV mode for ENS (/ɑ:/, /ae/, /ʌ/, /ɪ/, /e/, /ɜ:/, /u:/, /ʊ/). Of this group of vowels, it would have been expected that L2 learners may have found visual cues informative for the/ɑ:/-/ae/-/ʌ/ vowels, given that they could be assimilated to just one single category in Spanish (/a/). However, they did not show more sensitivity to the visual information for these or any other vowel. Another aspect that has shown to be relevant in the use of visual information for L2 speech perception is the degree of salience of the contrast. Hazan et al. (2006) found that learners were more likely to attend to visual cues for contrasts that were more visually salient (/p-b-v/). This seems to be true for ENS who scored higher in AV (noise) for eight vowels, but was not the case for the L2 learners. It could be that these L2 learners are strongly influenced by their non-existent need of visual distinction for their L1 Spanish vowels, and therefore rely only on the audio channel for vowel perception in their L2. Having to attend to two channels of input may also result in overloading their attention resources and may force learners to focus their attention on the input channel which they are more used to -in this case the audio channel. The visual information may therefore become a distractor (Hazan, Sennema, Iba, & Faulkner, 2005) .
Another factor which may play a role is the L2 learners' experience with the language (English). In Wang, Behne & Jiang's (2008) study, learners with longer residence in the country where the L2 is spoken showed higher use of visual cues for speech perception. The L2 learners in our study have extensive experience as learners of English, between four and five years at university level with 20 hours of English lessons per week. However, the main source of input is mainly through non-native speakers and through audio material. The characteristics of the input for the L2 learners, unlike the subjects in Wang et al.'s study who had contact with native speakers, may also have an impact in favouring the auditory channel instead of attending to visual information for speech perception.
In summary, the results in this study showed there were visual cues available for most English vowels for English native speakers (ENS). L2 learners showed a lack of sensitivity to visual cues and failed to integrate visual information with auditory cues for those vowels which were more visually salient for ENS. They also seemed to rely strongly on auditory cues for English vowel perception.
